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The natural radioactivity levels of Kirkuk oil field are studied using high resolution gamma
rays spectrometry. For this reason, soil samples were collected from three sites in the Iraq
North Oil Company: Baba Gurgur, Shurau and old process plant (Terkiz). The activity
concentrations obtained for 238U-series (226Ra, 214Pb, and 214Bi), 232Th-series (228Ac, 212Pb,
and 208Tl) and 40K. The results have been compared with the worldwide average values.
The radium equivalent activity (Raeq), the absorbed dose rate (D), the annual effective dose
rate (AEDE), the external hazard (Hex), the internal hazard (Hin) and Gamma radiation
representative level Index (Ig) were also obtained and compared with the international
recommended values.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The exposure of human beings to ionizing radiation from
natural sources is a continuing and predestined feature of life
on earth. There is significant geographical variation in the
doses received. Doses from cosmic radiation increase with
altitude and geomagnetic latitude. Terrestrial radiation
exposure varies as a result of a number of factors, including
the concentration of radionuclides in soil. From a radiological
point of view, the most important primordial radionuclides
are of 238U-series (half-life 4.47  109 years), 232Th-series (half-
life 1.41  1010 years) and 40K (half-life 1.28  109 years)
(UNSCEAR, 1993). The average annual effective dose to an
individual resulting from natural background radiation is
approximately 2.4 mSv (UNSCEAR, 2008).q, alitaqibayati@yahoo.co
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomThe gamma radiation emitted from naturally occurring
radionuclides materials NORMs is called terrestrial back-
ground radiation. Materials such as rock, soil, underground
water and air contain various NORMs in different concentra-
tions in various locations of the world were discussed in
several studies (Al-Ghorabie, 2005; Al-Hamarneh & Awa-
dallah, 2009; Al-Kharouf, Al-Hamarneh, & Munir, 2008; Al-
Sulaiti et al., 2010; Avwiri, Chukwuocha, & Onwusika, 2011;
Beretka & Mathew, 1985; El-Taher, 2010; Harb, Din, Abbady,
Ali, & Michel, 2008; Jibiri & Emelue, 2008; Kurnaza et al., 2007;
Mehdizadeh, Faghihi, & Sina, 2011; Quindos, Fernandez, Soto,
Rodenas, & Comez, 1994; Rohit, Sandeep, Rajendra, Singh, &
Komal, 2010; Sroor, El-Bahi, Ahmed, & Abdle-Haleem, 2001;
Svoukis & Tsertos, 2007; Veiga et al., 2006).
However, if there is any human interference which leads to
increase the level of NORM by any means or processes (suchm (A.H. Taqi).
ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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from uraniummines or in oil production etc.), then it is called
Technically Enhanced Radioactive Materials, TENORM were
studied previously by Al-Farsi (2008), Al-Sulaiti et al. (2012),
Fisher (1995), Habib (2012), Kolb andWjcik (1985), Landa (2007).
This study aims to assessment of the natural radioactivity
levels in Kirkuk oil field. For this reason, soil samples were
collected from three sites in the Iraq North Oil Company: Baba
Gurgur, Shurau and old process plant (Terkiz). This will
establish a baseline map of radioactivity concentration levels
in Kirkuk's soil and determine the radium equivalent activity
(Raeq), the absorbed dose rate (D), the annual effective dose
rate (AEDE), the external hazard (Hex), the internal hazard (Hin)
and Gamma radiation representative level Index (Ig) for in-
dividuals living in Kirkuk, especially for employees and who
they livewithin the boundaries of the Iraq NorthOil Company.2. Materials and methods
2.1. Soil samples collection and preparation
Soil samples were collected from three sites in the North Oil
Company: Baba Baba Gurgur, Shurau and old process plant
(Terkiz) as seen in Fig. 1. Each sample was taken to a depth of
0e45 cm at a chosen point, data from Global Positioning Sys-
tem (GPS) were used for tracking the data recorded. In order to
obtain a representative sample, the collected soil was mixed
together, sieved to remove stones and pebbles, and crushed to
pass through a 0.2-mmmesh sieve to homogenize it, then, the
soil samples were air-dried for several days, placed in an oven
at 100 C for 24 h andweighed. Finally, a split of each prepared
sample was packed in a 1 kg polypropylene bottle, which wasFig. 1 e Map of the investigated asealed and left for at least 4 weeks before counting by gamma
spectrometry in order to ensure that radioactive equilibrium
between radon and its decay products (Quindos et al. 1994).2.2. Detector calibration
The soil samples in the current study were analyzed using a
high-resolution, low-background gamma-rays spectrometry
system based on a coaxial hyper-pure germanium detector
(HPGe). Crystal of 50 mm diameter was operated under a high
voltage, bias of þ2000 V (DC). The unwanted ambient radio-
activity from room background source was reduced by sur-
rounding the detector with cylindrical passive lead shield of
about 4 Inches thickness. The Pb shield incorporated an in-
ternal copper layer on the inner surface of the shield which
significantly reduced the effect from photo-fluorescence of
the Pb (i.e. absorb the Pb Ka and Kb X-rays) from gamma rays
emitted from the source material.
The gamma-rays spectra which were analyzed were
created through converting the event energy in to a pulse
height spectrum. The signal processing was done by con-
necting the detector to a preamplifier and a standard spec-
troscopy shaping amplifier (Canberra Industries, 2000). The
selected shaping time was 6 ms. The applied course gain and
fine gain were 20 and 1.00, respectively. Finally the result and
spectral data were taken directly to the PC to be introduced
using Canberra Genie software (Canberra Industries, 2000).
The Gamma spectrometry system, a p-type HPGe coaxial
detector, was used for bulk counting of environmental sam-
ples. The detector is a vertical type, model GEM 50198-P (40%
relative efficiency), with an energy resolution of 1.78 keV
(FWHM) at Eg ¼ 1332 keV.rea shows sampling points.
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energy and efficiency calibration using four different certified
reference sources, a mixed radionuclide source (NG3), con-
taining 57Co, 60Co, 85Sr, 88Y, 109Cd, 137Cs, 139Ce, 203Hg and
241Am. The additional certification for the reference standards
used in our Marinelli beakers has been included as has the use
of Genie software and peak-fitting analysis in the analysis of
the efficiency data.
The source certificates were standardized by nuclitech
GmbH via direct traceability to PTB and NIST gamma-rays
standards using a high-purity germanium detector with a
multi-channel analyses. The sources usedMixed radionuclide
source (241Am, 109Cd, 57Co, 139Ce, 203Hg, 113Sn, 85Sr, 137Cs, 88Y
and 60Co) of mass 980 g, volume 1000 ± 10.0 cm3 and density
0.985 ± 0.01 g cm3.
2.3. Samples analysis
The samples were placed directly over the front of the de-
tector (dead time range between (0.06 and 0.23%)). The
acquisition time for each sample was 7200 s. The counting
geometry of the samples and the standard sources used for
efficiency calibration were kept constant. A range of different
gamma-rays energy transition lines ranging from ~100 keV to
2614 keV, associated with the decay products of the 238U and
232Th decay series were analyzed independently. The data
were analyzed under the assumption of secular equilibrium
of the radionuclides within these samples. 226Ra, 214Pb and
214Bi activity concentrations were used to determine the ac-
tivity of 238U. The activity concentration of the 232Th was
determined using gamma-ray transitions lines of 228Ac, 212Pb
and 208Ti. Gamma-ray peaks of 40K and 137Cs were deter-
mined at 1461 and 662 keV, respectively. Background con-
tributions were subtracted from the peak areas for the
measured samples.3. Calculations
3.1. The activity concentration
The activity concentrations of the radionuclides in the
measured samples were computed using the following rela-
tion (Rohit et al., 2010):
A

Bq kg1
 ¼ CPS 1000
3ðabsÞ  IgðabsÞ W (1)
where A is the activity concentration (Bq kg1), CPS is the net
peak count per second, 3ðabsÞ is the absolute gamma peak
detection efficiency, Ig is the absolute gamma intensity of the
corresponding gamma ray energy considered and W is the
weight of sample (kg).
3.2. Radium equivalent activity
Radium equivalent (Raeq) index in Bq kg
1 is a widely used
radiological hazard index. It is a convenient index to compare
the specific activities of samples containing different con-
centrations of 226Ra, 232Th and 40K. It was defined on the
assumption that 10 Bq kg1 of 226Ra, 7 Bq kg1 of 232Th and130 Bq kg1 of 40K produce the same gamma dose rate. It was
calculated as follows (Beretka & Mathew, 1985),
Raeq

Bq kg1
 ¼ ARa þ 1:43ATh þ 0:077AK (2)
whereARa, ATh and AK are the activity concentrations of
226Ra,
232Th and 40K in Bq kg1, respectively.
3.3. Absorbed dose rate
In order to assess radiological risk, external exposure to ra-
diation arising from naturally occurring radionuclides can be
determined in terms of the absorbed dose rate in air at 1 m
above the ground surface. The mean activity concentrations
of 238U, 232Th and 40K (in Bq kg1) in soil samples were used,
applying the conversion factor given by Beretka and Mathew
(1985) and UNSCEAR (2000) as follows:
D

nGy h1
 ¼ 0:462ARa þ 0:604ATh þ 0:0417AK (3)
where D is the absorbed dose rate in nGy h1.
3.4. External hazard index
External gamma radiation (Hex) is dose product by building
material radionuclides such as clay brick and etc. The Hex
equivalent upper limit of 1mSv y1 and calculated by (Svoukis
& Tsertos, 2007)
Hex ¼

ARa
370
þ ATh
259
þ AK
4810

 1 (4)
For safety, the value of Hex should be below one, which cor-
responds to the upper limit of Raeq (370 Bq kg
1).
3.5. Internal hazard index
Internal hazard index (Hin) is used for consideration the in-
ternal radiation from radon 222Rn and its daughter in building
material (El-Taher, 2010),
Hin ¼

ARa
185
þ ATh
259
þ AK
4810

< 1 (5)
The value of Hex should be below 1.
3.6. Gamma radiation representative level index
An estimate of the gamma radiation hazard levels associated
with natural radionuclides in sediment sampled was calcu-
lated based on radiation hazard index Ig (OECD, 1979)
Ig ¼

ARa
150
þ ATh
100
þ AK
1500

(6)
The value of these indexesmust be less than unity in order
to keep the radiation hazard insignificant.
3.7. Annual effective dose equivalent (AEDE)
The measurement of the concentrations of radionuclides in
the environment due to terrestrial gamma radiation from
238U, 232Th and 40K, can estimated by the average outdoor
conversion coefficient from absorbed dose rate in the air and
Fig. 3 e Comparison of activity concentrations of 232Th-
series with the worldwide average value for the soil
samples from Baba Gurgur site.
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UNSCEAR (2000) reports, a value of 0.7 Sv Gy1 was used for
the conversion coefficient from absorbed dose in air to effec-
tive dose received by adults, and 0.2 for the outdoor occupancy
factor. The components of the annual effective dose in
mSv y1 are determined as follows:
AEDEout ¼ D

nGy h1
 0:7 Sv Gy1 0:2 8760 h y1
 106
(7)
AEDEin ¼ D

nGy h1
 0:7 Sv Gy1 0:8 8760 h y1
 106
(8)
where D is the dose rate and 8760 are hours in a year. The
corresponding worldwide values of AEDEout and AEDEin are
0.08 mSv, 0.42 mSv respectively (UNSCEAR, 2000).Fig. 4 e Comparison of activity concentrations of 238U-
series with the worldwide average value for the soil
samples from Shurau site.4. Results and discussion
4.1. The activity concentration
The results of activity concentration of 238U-series, 232Th-se-
ries, 40K and 137Cs radionuclides in soil samples from three sites
in the Iraq North Oil Company: Baba Gurgur, Shurau and old
process plant (Terkiz) are presented in Figs. 2e9, also Table 1
shows the activity concentrations of 226Ra, 232Th, 40K and
137Cs respectively. The range of the measured activity of 226Ra
in the soil of Baba Gurgur site was 17.09e34.03 Bq kg1 with an
average of 26.02 Bq kg1. The value in the Shurau site was
15.4e33.77 Bq kg1 with an average of 24.38 Bq kg1 and Terkiz
the rangewas 25.3e40.55 Bq kg1with an average 34.80 Bq kg1.
The minimum value obtained in sample of code KSHSO2 and a
maximum for the sample of code KARSO5. The differences are
attributable to the geochemical composition and origin of soil
types in a particular area. The range of measured activity
concentration of 232Th for the soil in the Baba Gurgur wasFig. 2 e Comparison of activity concentrations of 238U-
series with the worldwide average value for the soil
samples from Baba Gurgur site.8.3e27.88 Bq kg1 with an average of 13.75 Bq kg1, the value in
the Shuau site was 11.4e24.06 Bq kg1 with the average of
18.29 Bq kg1 and the value of Terkiz was 13.43e24.45 Bq kg1
with the average of 18.80 Bq kg1. Theminimumvalue obtained
in sample code KBGSO4 (Baba Gurgur site) and a maximum for
the sample code KBGSO1. The differences are significant in all
samples. The activity concentration of 40K in the Baba Gurgur
stite was 166.05e567.71 Bq kg1, with an average value of
288.89 Bq kg1 in the Shuaru site was 204e417.01 Bq kg1 with
an average 356.5 Bq kg1 and the value in the Terkiz was
218.48e364.42 Bq kg1 with an average was 289.42 Bq kg1.
These differences also attributable to the soil type differences
in the region under investigation besides the industrial oil
waste.
Moreover, our obtained average values fall within the
range of corresponding world values and other published re-
sults (UNSCEAR, 2000) mentioned in Table 2. The world
Fig. 5 e Comparison of activity concentrations of 232Th-
series with the worldwide average value for the soil
samples from Shurau site.
Fig. 6 e Comparison of activity concentrations of 238U-
series with the worldwide average value for the soil
samples from Terkiz site.
Fig. 7 e Comparison of activity concentrations of 232Th-
series with the worldwide average value for the soil
samples from Terkiz site.
Fig. 8 e Comparison of activity concentrations of 40K with
the worldwide average value for the soil samples from
Baba Gurgur, Shurau and Terkiz sites.
Fig. 9 e Activity concentrations of 137Cs for the soil samples
from Baba Gurgur, Shurau and Terkiz sites.
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ranges of 17e60 Bq kg1, 232Th is 30 Bq kg1 with ranges of
11e64 Bq kg1 and 40K is 400 Bq kg1 with ranges of
140e850 Bq kg1 (UNSCEAR, 2000; ICRP, 1990). The observed
results in some samples show that the activity concentrations
for 238U and 232Th for the investigated sites are higher than the
reported international radioactivity levels of 226Ra and 232Th in
UNSCEAR (2000) and ICRP (1990). The recorded high values of
the radionuclides in some soil samples may be due to the
presence of radioactive rich granite, phosphate, sandstone
and quartzite. Notably, study area contains some old oil wells.
Therefore, it is likely that the high values obtained for some
samples are a result of technically enhanced NORM (TENORM)
in this region.
Also, we see from the figures that, the activity concentra-
tion of Radium is higher than thorium in all samples. It is also
Table 1 e The activity concentrations of 226Ra, 232Th, 40K
and 137Cs in soil samples collected from three sites: Baba
Gurgur, Shurau and Terkiz within the boundaries of the
Iraq North Oil Company. *means the value is not detected
by HPGe.
Sample ID 226Ra
(Bq kg1)
232Th
(Bq kg1)
40K
(Bq kg1)
137Cs
(Bq kg1)
Baba
Gurgur
site
KBGSO1 17.09 8.3 166.05 0.8
KBGSO2 23.33 8.93 201.8 0.3
KBGSO3 34.03 27.88 567.71 1.03
KBGSO4 29.63 9.88 220 2.77
Average 26.02 13.75 288.89 1.22
Shurau
site
KSHSO1 15.88 18.08 303.21 8.63
KSHSO2 15.4 11.4 204 *
KSHSO3 30.3 16.16 419.98 *
KSHSO4 33.77 24.09 471.01 4.6
KSHSO5 26.55 21.75 429.3 *
Average 24.38 18.29 356.5 6.615
Terkiz site KTRSO1 36.16 13.43 218.48 *
KTRSO2 25.3 18 298.01 1.73
KTRSO3 32.65 24.45 364.42 1.26
KARSO4 39.38 17.28 242.46 *
KARSO5 40.55 20.81 322.65 0.5
Average 34.80 18.80 289.20 1.163
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ceedsmarkedly the values of both Uraniumand Thorium, as it
is the most abundant radioactive element under
consideration.4.2. Radiological effects
Table 3 shows the obtained radiological effects such as: the
radium equivalent (Raeq), the absorbed dose rate (D), the
external (Hex) and the internal (Hin) hazard index, the radio-
activity level index (Ig) and the outdoor (AEDEout) and the in-
door (AEDEin) annual effective dose equivalent for the soil
samples collected from region under investigation.Table 2 e Comparison of natural radioactivity levels in soil sam
Terkiz within the boundaries of the Iraq North Oil Company w
Country Activ
238U
Range Average R
Egypt 5e64 17 2e9
USA 8e160 40 4e1
China 2e440 32 1e3
Japan 6e98 33 2e8
Malaysia 38e94 67 63e
India 7e81 29 14e
Iran 8e55 28 5e4
Spain 6e250 32 2e2
Greece 1e240 25 1e1
Worldwide average 17e60 35 11e
Present study sites
Baba Gurgur 17.09e34.03 26.02 8.3e
Shurau 15.4e33.77 24.38 11.4
Terkiz 25.3e40.55 34.80 17.2The Raeq for the soil samples in Baba Gurgur site was be-
tween 41.75 Bq kg1 and 117.61 Bq kg1 with an average value
of 67.92 Bq kg1, in Shurau site was from 47.41 Bq kg1 to
104.49 Bq kg1 with an average value of 75.68 Bq kg1 and in
Terkize site was from 72.19 Bq kg1 to 95.67 Bq kg1 with an
average value of 83.95 Bq kg1. It is inferred that for all the soil
samples analyzed, the radium equivalent activity value is well
within and less the permissible limits of 370 Bq kg1 (Beretka&
Mathew, 1985).
The obtained absorbed dose rate varied from 21.08 to
57.10 nGy h1, with an average value of 33.98 nGy h1 in Baba
Gurgur site. The value was 23.07e51.17 nGy h1 with an
average of 38.42 nGy h1 in Shurau stite and the value in
Terkiz site was 36.02e47.56 nGy h1 with an average value of
41.76 nGy h1. Some values are higher than the international
recommended value 55 nGy h1 (UNSCEAR, 1988), but the
averages values are less than it.
The calculated external hazard indexes (Hex) were varied
from 0.109 to 0.305, with an average value of the 0.177 in the
Baba Gurgur site. The range in Shurau site was 0.17e0.27 with
an average value of the 0.183, and the values in Terkiz site
were varied from 0.19 to 0.24 with an average value of the
0.214. The calculated average values were less than 1. The
internal exposure by radon and its progeny is controlled by the
internal hazard index (Hin). Hin ranged between 0.120 and 0.40
with an average value of the 0.228 in the Baba Gurgure site.
The range in Shurau site was 0.16e0.36 with an average value
0.266 and in the Terkiz site was 0.26e0.35 within an average
value 0.308. The averages values are less 1.
The calculated Ig values for all the samples are presented in
Table 3. The values in Baba Gurgur site ranged from 0.308 to
0.884 with an average of 0.503. In Shurau site it varied from
0.352 to 0.780 with an average 0.588, the range in Terkiz site
was 0.521e0.705 with an average value 0.612. The calculated
values for all samples were lower than the international
values (Ig < 1).
The calculated indoor and outdoor AEDE values are quoted
in Table 3. The results of outdoor and indoor effective dose for
Iraq North Oil Company are 0.0498, 0.047 and 0.051, and 0.167,ples collected from three sites: Baba Gurgur, Shurau and
ith those in other countries of UNSCEAR (2000).
ity concentration (Bq kg1)
232Th 40K
ange Average Range Average
6 18 29e650 320
30 35 100e700 370
60 41 9e1800 440
8 28 15e990 310
110 82 170e430 310
160 64 38e760 400
2 22 250e980 640
10 33 25e1650 470
90 21 12e1570 360
64 30 140e850 400
27.88 13.75 166.05e567.71 288.89
e24.09 18.29 204e471.01 356.5
8e24.45 18.80 242.46e364.42 289.20
Table 3 e The Radium equivalent activity (Raeq), the absorbed dose rate (D), the external (Hex) and internal (Hin) hazard
index, the radioactivity level index (Ig) and the outdoor (AEDEout) and indoor (AEDEin) annual effective dose equivalent for
the soil samples collected from inside of the Iraq north oil company.
Sample ID Raeq (Bq kg
1) D (nGy h1) Hex Hin Ig AEDEout (mSv y
1) AEDEin (mSv y
1)
Baba Gurgur site KBGSO1 41.75 21.08 0.109 0.155 0.308 0.025 0.103
KBGSO2 51.64 26.63 0.135 0.120 0.379 0.032 0.130
KBGSO3 117.61 57.10 0.305 0.40 0.884 0.070 0.280
KBGSO4 60.67 31.63 0.16 0.24 0.443 0.038 0.155
Average 67.92 33.98 0.177 0.228 0.503 0.042 0.167
Shurau site KSHSO1 65.08 30.59 0.17 0.21 0.488 0.037 0.150
KSHSO2 47.41 23.07 0.12 0.16 0.352 0.028 0.113
KSHSO3 85.75 43.28 0.22 0.30 0.643 0.053 0.212
KSHSO4 104.49 51.17 0.27 0.36 0.780 0.062 0.251
KSHSO5 90.70 43.99 0.23 0.30 0.680 0.053 0.215
Average 75.68 38.42 0.183 0.266 0.588 0.047 0.188
Terkiz site KTRSO1 72.19 37.15 0.19 0.28 0.521 0.045 0.182
KTRSO2 73.98 36.02 0.19 0.26 0.547 0.044 0.176
KTRSO3 95.67 46.21 0.24 0.33 0.705 0.056 0.226
KARSO4 82.76 41.88 0.21 0.32 0.597 0.051 0.205
KARSO5 95.15 47.56 0.24 0.35 0.693 0.058 0.233
Average 83.95 41.76 0.214 0.308 0.612 0.051 0.204
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respectively. It can be seen that the above-mentioned values
were lower than the corresponding worldwide values of 0.08
and 0.42 mSv y1, respectively (UNSCEAR, 2000).5. Conclusions
Gamma ray spectrometry was exploited to determine activity
concentration due to naturally occurring 226Ra, 232Th, 40K and
137Cs radioisotopes and the associated radiation hazard levels
in 14 of soil samples from some areas in the three different
locations inside north Oil Company in Kirkuk. The average
concentrations for 226Ra (238U series), 232Th, 40K and 137Cs were
26.02, 13.75, 288.89, and 1.22 Bq kg1 respectively in Baba
Gurgur site, Shurau site were 24.38, 18.29, 356.5 and 6.615 kg1
respectively, and in Terkiz site were 34.80, 18.80, 289.0 and
1.163 kg1 respectively. These average activity concentrations
were lower than the world average values. The averages
values of the obtained radiological effects such as: the radium
equivalent (Raeq), the absorbed dose rate (D), the external (Hex)
and the internal (Hin) hazard index, the radioactivity level
index (Ig) and the outdoor (AEDEout) and the indoor (AEDEin)
annual effective dose equivalent were within the limit of the
international recommended values. It is concluded that no
harmful radiation effects were posed to the population who
live in the study area. Higher values of 226Ra concentration and
radiation hazard levels were for Terkiz site samples, notably,
this area contains old process plant some old oil wells.r e f e r e n c e s
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